Introduction {#s0005}
============

Since Bradley introduced the RigiScan device in 1985 as a tool to monitor nocturnal penile tumescence and rigidity (NPTR) [@b0005], it has been used extensively as a diagnostic and research tool for evaluation of penile erections. However, based on the findings of the published data, the accuracy, the reliability and usefulness of RigiScan are still controversial. The greatest value of NPTR is for the patient with no neurovascular risk factors, who presents with a sexual history suggestive of a psychogenic cause [@b0010]. Researchers used RigiScan not only to differentiate between psychogenic and organic causes of ED [@b0005], [@b0015], [@b0020], [@b0025], but also to detect whether RigiScan could determine the underlying ED organic causes [@b0030] and to assess ED severity [@b0035]. RigiScan was used also to evaluate the penile response to different ED treatments [@b0040], [@b0045], [@b0050], [@b0055].

Nocturnal penile erection was reported to occur in all men of different age groups during periods of rapid eye movement (REM) sleep [@b0060]. It was assumed that during sleep psychological factors cannot interfere with nocturnal erection, whereas organic factors can interfere variously. Therefore, evaluation of NPTR can differentiate between psychogenic and organic causes of ED. During sexual stimulation, nitric oxide (NO), the major vasodilator neurotransmitter involved in the erection pathway, is released in response to central and local erectogenic stimuli from the intra-cavernosal endothelial cells and the autonomic nervous system. It then induces formation of cyclic guanosine monophosphate (cGMP), which induces cavernosal smooth muscle relaxation; hence, erection occurs [@b0065]. How nocturnal erections are induced is still unknown, but NO was found to be released during REM sleep [@b0070], and then the cascade of erection events was completed.

Since the introduction of sildenafil as the first FDA-approved PDE-5 inhibitor oral drug for ED treatment, PDE-5 inhibitors were considered the first line in ED correction [@b0075]. However, oral sildenafil did not give satisfactory results in all cases of ED [@b0080]. It is beneficial for andrologists and ED patients to predict the response to sildenafil, because this will improve its cost effectiveness and help to avoid its unnecessary side-effects [@b0085]. Many studies were conducted to detect which parameters could predict the response to sildenafil, varying from the simple, non-invasive morphometric parameters up to the invasive ones such as cavernosometry and even penile biopsy [@b0080], [@b0090], [@b0095]. However, it was found that some clinical measures, such as the ED duration and the international index of erectile function-5 (IIEF-5) score, could predict such response [@b0100]. Sildenafil performs its pharmacologic action through inhibition of the PDE-5 iso-enzyme and thus enhances the NO--cGMP pathway of erection [@b0105]. This cGMP pathway is claimed to be involved in NPTR [@b0070], so cGMP is a common key factor between sildenafil and NPTR, and this finding suggests that NPTR monitoring by the RigiScan device may be able to predict the sildenafil response in ED patients.

This study aimed to assess whether RigiScan can predict the response to sildenafil in ED patients and to determine which of the RigiScan parameters can best perform this prediction.

Patient and methods {#s0010}
===================

Data for this study were retrospectively extracted from the medical records of 172 ED patients who attended Mansoura University Andrology Outpatient clinics and three private andrology clinics during the period from January 2010 to May 2017. Selected cases should have had ED for more than 6 months with regular (at least once per week) heterosexual relations with one partner.

*Approval of the local ethical committee was obtained before the study*. We included only the cases that met the inclusion criteria and who had complete records regarding the following: full sexual history, standard andrology examination, measurement of post-prandial blood sugar, serum prolactin and total testosterone levels, NPTR monitoring and those given sildenafil in an optimum way as described below.

NPTR monitoring {#s0015}
---------------

NPTR monitoring was performed for 3 successive nights in a sleep unit, using the RigiScan device (Osbon Medical Systems; Augusta, GA, USA). Instructions were given to ensure restful sleep by avoidance of napping, alcohol and caffeine intake, and evacuation of the bladder and bowel before going to sleep. Data were obtained each morning with recording of tip and base tumescence, tip and base rigidity, and duration of the single best event in the 3 nights.

Sildenafil administration {#s0020}
-------------------------

Patients with penile anatomic disorders, severe uncontrolled medical diseases or in whom sildenafil is contraindicated were not given sildenafil in all of our records. Sildenafil was first given in a dose of 50 mg 1 h before intercourse on an empty stomach. Patients were asked to record their penile erectile response using the Erection Hardness Scale (EHS) [@b0110]. The dose was escalated to 100 mg if the responses to 6 initial doses were insufficient, i.e., EHS grade 1 or 2. After 6 consecutive doses of 100 mg sildenafil, patients were classified, according to their response to sildenafil, into 2 groups: sildenafil responders (EHS grade 3 or 4) and sildenafil non-responders (EHS grade 1 or 2).

*Statistical analysis* {#s0025}
----------------------

A test for normal distribution (Kolmogorov--Smirnov test) was carried out first for all studied variants. Differences between sildenafil responders and non-responders were studied by the independent sample Student's *t*-test for parametric variants and Mann-Whitney test for non-parametric variants. The receiver operator characteristic (ROC) curve was performed for all RigiScan parameters to determine their area under the curve (AUC) and their cut-off values that had the highest diagnostic accuracy.

Results {#s0030}
=======

This study included 172 ED patients. Ninety-four patients were sildenafil responders (54.7%), whereas 78 patients were sildenafil non-responders (45.3%).

Different RigiScan parameters of the best NPTR event, i.e. event duration, both base and tip tumescence and both base and tip rigidity, were higher in the sildenafil responders than in the sildenafil non-responders, with statistical significance ([Table 1](#t0005){ref-type="table"}).Table 1RigiScan parameters in both sildenafil responders and non-responders.Sildenafil responders\
(n = 94)Sildenafil non-responders\
(n = 78)*P* valueEvent duration (min)17.2 ± 8.613 ± 6.80.001[b](#tblfn2){ref-type="table-fn"}Base tumescence (cm)3.1 ± 0.52.6 ± 0.70.001[a](#tblfn1){ref-type="table-fn"}Tip tumescence (cm)2.2 ± 0.41.8 ± 0.50.001[b](#tblfn2){ref-type="table-fn"}Base rigidity (%)49.7 ± 10.933.4 ± 9.70.001[a](#tblfn1){ref-type="table-fn"}Tip rigidity (%)44.8 ± 11.630 ± 9.80.001[a](#tblfn1){ref-type="table-fn"}[^1][^2]

RigiScan parameters of the best NPTR event in all patients showed significant positive correlation between each other (r ranged between 0.23 and 0.93, and *P* ranged between 0.001 and 0.003).

By obtaining the ROC curve and its AUC as an indicator of diagnostic accuracy, it was found that event duration had the lowest AUC (0.674), whereas base rigidity had the highest AUC (0.86) ([Table 2](#t0010){ref-type="table"}, [Fig. 1](#f0005){ref-type="fig"}).Table 2ROC curve analysis and area under the curve (95% confidence interval) of different RigiScan parameters as differentiating items between sildenafil responders and non-responders.AUC95% Confidence intervalLower boundUpper boundEvent duration0.6740.5980.761Base tumescence0.7220.6420.802Tip tumescence0.7180.6370.798Base rigidity0.8600.8070.913Tip rigidity0.8310.7730.890Fig. 1ROC curve analysis and AUC of different RigiScan parameters as an indicator of diagnostic accuracy.

The cut-off values of different RigiScan parameters were determined by the point of the ROC curve with the highest diagnostic accuracy. Diagnostic accuracy was the lowest for the best event duration (68%), and it was the highest for base rigidity (77.3%), followed by tip rigidity (74.4%) as a single predicting parameter. While using the cut-off values of different RigiScan parameters in predicting sildenafil response, we found statistically that a positive response to sildenafil is best predicted if either base rigidity or tip rigidity is ≥42.5% with a diagnostic accuracy of 76.7% ([Table 3](#t0015){ref-type="table"}).Table 3Cut-off values of different RigiScan parameters and their diagnostic indicators when comparing sildenafil responders and non-responders.Cut-off valuesSensitivity (n = 94)Specificity (n = 78)Diagnostic accuracy (n = 172)Event duration11.580.9%52.6%68%Base tumescence2.7576.6%67.9%72.7%Tip tumescence1.7583%60.3%72.7%Base rigidity42.570.2%85.9%77.3%Tip rigidity42.559.6%92.3%74.4%Base rigidity + tip rigidity42.558.5%94.9%75%Base rigidity or tip rigidity42.571.3%83.3%76.7%

The cut-off value (42.5%), when used separately for base rigidity and then for tip rigidity, was found to be more specific than sensitive (85.9% *vs*. 70.2% and 92.3% *vs*. 59.6%, respectively). However, if the same cut-off value (42.5%) was used for both base rigidity and tip rigidity together as a single unit, its specificity increased to 94.9% and its sensitivity decreased to 58.5% ([Table 3](#t0015){ref-type="table"}).

Discussion {#s0035}
==========

Sildenafil citrate, which is one of the most widely used oral drugs for ED, performs its pharmacologic action through inhibition of the PDE-5 iso-enzyme and thus enhances the NO--cGMP pathway of erection [@b0105]. This pathway is claimed to be involved in NPTR [@b0070]. Therefore, two questions will be raised here. The first question is what the effect of sildenafil is on NPTR. The second question is whether NPTR monitoring can predict the response to sildenafil in ED patients.

In answer to the first question, many studies were conducted to test the effect of sildenafil on NPTR in different patient groups. A study by Montorsi et al. showed that the number of RigiScan NPTR episodes increased after intake of sildenafil, but the recorded values did not reach statistical significance [@b0115]. On the other hand, many researchers found a beneficial effect of sildenafil on almost all NPTR parameters in different patient groups, such as in cases of psychogenic ED not responding to sildenafil during awakening [@b0040], in cases with organic ED [@b0120] and even in healthy, potent volunteers [@b0055]. Initially, PDE-5 inhibitors were used widely with the primary intention of compensating for a symptom rather than to correct the underlying pathophysiology in both psychogenic and organic ED. In recent years, several investigations have addressed the potential for disease modification or cure via long-term PDE-5 inhibitor therapy. There are data supporting a potential role for daily PDE-5 inhibitor administration in improving both psychogenic and organic ED [@b0125]. However, for answering the second question, no study has been conducted to date to assess whether RigiScan can predict sildenafil response.

In this study, patients were considered to be sildenafil responders if they could get an erection with hardness (rigidity) sufficient for sexual intercourse or fully rigid erection, that is, EHS grade 3 or 4. A previous study revealed that EHS has a positive correlation with the international index of erectile function-erectile domain (IIEF-EF), frequency of erections hard enough for penetration and hence successful sexual intercourse [@b0130]. All parameters of NPTR as monitored by RigiScan showed lower values in sildenafil non-responders than in the responder group. The physiologic role of NPTR is an issue that is still not completely determined, but NPTR may act to maintain oxygenation of erectile tissue, which is important to maintain a normal erectile response [@b0135], especially in the absence of frequent sexual stimulation. Oxygen (O~2~) is essential for synthesis of NO, and a low oxygen state inhibits nitric oxide synthase (NOS) [@b0120]. The corpora cavernosa contains both smooth muscle and connective tissue content. An adequate balance between them is essential for competent veno-occlusion [@b0135]. Cavernous hypoxia promotes formation of transforming growth factor beta (TGFβ) that increases collagen synthesis with resultant cavernous fibrosis [@b0140]. Therefore, regular increase in blood flow during erection might hinder conversion of erectile tissue to a fibrous one. ED patients showed lower O~2~ saturation of corporal tissue in the flaccid state than did potent cases. Many cases not responding to sildenafil therapy showed severe vascular lesion with reduction of their cavernosal smooth muscle cell O~2~ content [@b0095]. Administration of corporal vasoactive material caused a many-fold increase in O~2~ saturation [@b0145]. Also, some cases with sleep apnoea and ED with no nocturnal penile activity showed improved erectile function and restoration of NPTR when treated with continuous positive airway pressure treatment [@b0150].

All RigiScan parameters were retested by the ROC curve analysis to detect which of them was the best in predicting the response to sildenafil. Base rigidity and then tip rigidity were found to be associated with the highest area under the curve (AUC about 0.860, 0.831, respectively) with the highest diagnostic accuracy (77.3% and 74.4%, respectively). The cut-off value for both base rigidity and tip rigidity was about 42.5%. On trying to use both base rigidity and tip rigidity together in predicting the response to sildenafil, the diagnostic accuracy did not significantly change. This can be explained by our finding of the high positive correlation between different RigiScan parameters; thus, one parameter amongst them can express their altogether state. However, an interesting finding is that the cut-off values of both base rigidity and tip rigidity were more specific than sensitive (85.9% *vs*. 70.2% and 92.3% *vs*. 59.6%, respectively); that is, our prediction model is more accurate in excluding cases with negative response than in detecting cases with positive response to sildenafil. This exclusion power is heightened to 94.9% when the patient has either a base rigidity or a tip rigidity of \<42.5%.

Conclusions {#s0040}
===========

From these findings, it can be concluded that sildenafil response in ED patients can be predicted by NPTR monitoring, using the RigiScan device, and ED patients with a RigiScan base or tip rigidity less than 42% cannot be expected to respond well to sildenafil.
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